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ABSTRACT 
The modified Eco-Bio-Block (EBB) has been studied and manufactured in Viet Nam, 
based on the process of blending friendly environmental materials as activated carbon, zeolite, 
kazemzite, sand and useful microorganisms. After culturing, bacterial communities in the 
modified EBB became significant abundant by DGGE analysis of 16S rDNA. The amount of 
microorganisms in the modified EBB was 10
7
 CFU/g bacteria communities (Prokaryote). After 2 
months treatment with the modified EBB, the quality of Khuong Thuong lake water has been 
significantly improved; the concentration of COD, NH4
+
, Coliform and Chlorophyll-a are 
reduced by 65.51 %, 64.28 %, 50 % and 68.42 %, respectively at the location A1. Sensuously, 
the lake water became brighter and cleaner. The application of the modified EBB to improve the 
lake water quality was conducted appropriately to the conditions at Vietnam in general and at 
Hanoi in particular. This research aims at localizing technology and improving efficiency on 
pond/lake water treatment. Further goal of the modified EBB application is to reduce pollutants 
in domestic wastewater form residential areas, in ditches, creeks and small lakes in Viet Nam. 
Keywords: eco-bio-block, modified EBB, Hanoi lakes. 
1. INTRODUCTION 
Hanoi lake system is an inseparable product of landscape ecology system of Hanoi capital. 
In the process of the capital modernization, the role of lakes in Hanoi becomes more and more 
important, particularly by their social and ecological functions, and services on environment, 
flood control and air quality control, which helps to reduce the impacts of climate change to the 
capital. 
The results of survey in 2010 show that 76 % of the 80 lakes in Hanoi have an area of more 
than 1,000 m
2 
[1]. In terms of water quality, up to 71 % of the lakes are polluted (with BOD >               
15 mg/L, exceeded the QCVN 08: 2008/BTNMT, column B1). From 2010 to 2015, Hanoi has 
deployed some programs to improve the water of lakes and ponds, for instance, the program of 
treating water pollution of rivers, ditches and lakes in Hanoi area, 2009 - 2012; Hanoi lake 
Restoration Project; Truc Bach Lake water pollution treatment project. In general, in all lakes, 
the smell has decreased markedly, fish mortality reduced, hygiene conditions and landscapes 
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became better. However, the above activities were based on foreign technology, requiring large 
investment costs and strict technological control measures. 
With abundant material of spongy granules from volcanic eruption, EBB technology 
invented in Japan has outstanding advantages, such as ease of transportation and installation, 
simple operation, high processing efficiency, low investment cost and energy saving. Today, 
EBB is researched and applied in many countries around the world for improving water quality 
in canals, ponds and lakes. According to Ridzuan, 2006, the author has shown the appropriate 
organic and nitrogen parameters for the application of EBB in waste water treatment [2]. Mohd’s 
research mentioned the role of EBB in assessing the water quality of the Sungai Kenawar 
Segamat River in Malaysia [3].  
Institute of Environmental Technology – Vietnam Academy of Science and Technology 
has adopted the EBB material prototypes which are easy to be found in the domestic market. The 
modified EBBs was studied and fabricated based on appropriate mixing of some materials, 
including activated carbon, zeolite, kazemzite, sand and cement, with the ratios of 14 %, 22 %, 
36 %, 14 % and 14 % [4].  
2. MATERIALS AND METHOD 
2.1. Subjects  
Khuong Thuong Lake is within Khuong Thuong Temple campus, located at 165 Khuong 





00'17''5, respectively (Figure 1). The lake water surface area is 3,939 m
2
 and its average depth 
is 1.5 - 1.7 m. The number of households around the lake is up to 70. Previously this lake 
contained mainly rain water. A few years ago, due to the rapid urban development, a large 
amount of domestic waste water pours to the lake, by different reasons.  
2.2. Analytical methods 
The standard methods of Vietnam and SMEWW of US (Standard Methods for the 
Examination of Wastewater) on metrology and analysis was applied, while the method of 
sampling, preservation and treatment of the lake water samples was used in accordance with the 
guidance of national standards, such as TCVN 5992: 1995 (ISO 5667-2: 1991) - Sampling: 
Technical guidelines for sampling; TCVN 5993: 1995 (ISO 5667-3: 1985) - Sampling: Manual 
for preservation and sample handling and TCVN 5994: 1995 (ISO 5667-4: 1987) - Sampling: 
Manual sampling in natural and artificial ponds. Parameters for analysis were COD, 
Ammonium, Coliform and Chlorophyll-a. 
2.3. Experimental methods 
The modified EBB was 
installed in the lake by a floating 
raft of about 5,000 units. The 
modified EBB has round 
cylinder shape with the height, 
outer diameter and inner 
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diameter of 80 mm, 82 mm and 42 mm, respectively. Each of modified EBB has the weight, 





27.2 % and 10
7
 CFU/gr, respectively. Progress of conducting project was from June to 
Novemver, 2015 and the results are presented in in Table 1. 
Table 1. Progress of conducting project. 
                     Contents Time 
Survey around Khuong Thuong lake June, 2015 – August, 2015 
Putting modified EBB floating raft to stabilize 
microorganism population inside EBBs 
September, 2015 
Sampling and analysis October, 2015 – November, 2015 
Every 2 weeks, eight samples of Khuong Thuong lake water from 4 sites were taken and 
analyzed from October to November, 2015 and compared with the lake water before the 
modified EBB floating raft installation. 
3. RESULT AND DISCUSSION 
3.1. Bacteria culture time 
The modified EBB, casted according to the 
mixing ratio of the materials identified above, 
were put into inoculated basin with capacity of 
50 liters. There was a pump, mixing water in the 
basin, for facilitating microbial growth and 
adhesion and increasing the treatment efficiency. 
50 ml of Sagi-Bio liquid preparation with 
microbe density of 10
8
 CFU/ml were added 
together with supplemental foods for 
microorganisms in the BOD: N: P rate of 100:5:1.  
The modified EBB material was dark brown before being placed into a container for 
culture of microorganisms. During the first five days, the modified EBB material gradually 
formed brown mucous membrane. In the next few days, the mucus thickens and gradually turns 
brownish characterizing the microbial membrane (Figure 2). 
The numbers of aerobic and anaerobic microorganisms adhered to the modified EBB at day 
1, day 5 and day 10 are presented in Table 2. 
Table 2. Numbers of aerobic and anaerobic microorganisms (CFU/g) in the modified EBB 
Day Numbers of aerobic microorganisms 
(CFU/g) 
Numbers of anaerobic 
microorganisms (CFU/g) 
1 5.4 × 10
5
 3.5 × 10
2
 
5 4.1 × 10
7
 2.1 × 10
3
 
10 3.7 × 10
7
 1.6 × 10
5
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The microbial density analysis results show 
that in the first day, the number of micro-
organisms adhered to the modified EBB 





CFU/gr. At the day 10, the 
density of aerobic microbial leveled off; this is 
consistent with the microbial adhesion capacity to 
the modified EBB. After 10 days, the number of 
aerobic microorganisms in the modified EBBs 
could reach 3.7×10
7
 CFU/g and that of anaerobic 
microorganisms could reach 1.6×10
5
 CFU/g. 
The results of DGGE (Denaturing Gradient 
Gel Electrophoresis) analysis of the 16S rDNA 
(Ribosome Deoxyribonucleic Acid) in Figure 3 
show the rich bacterial communities in the EBBs 
(Lane 1: 2 - wastewater treatment, 3 - products, 4 
- waste water). Bacteria communities 
(Prokaryote) in the samples obtained through 
DGGE analysis of 16S rDNA also showed that 
bacterial communities in the modified EBB after 
culture are significantly richer. 
3.2. Experimental results in Khuong Thuong 
Lake  
A sampling was conducted at four locations 
around Lake (A1, A2, A3, A4) (Figure 4), which 
are relatively stable in term of receiving domestic wastewater. The sampling points are 0.5 m 
depth and 3 m far away from the banks. The survey was carried out for a month before putting 
the EBB floating raft into the lake giving the results shown in the Table 3. 
Table 3. Composition of water before putting EBB floating raft into Khuong Thuong lake. 
Location 
Parameter 









A1 58 1.6 10000 3.4 
A place to concentrate on 
market activities 
A2 55.3 1.4 10800 3.7 A small restaurant 
A3 40.1 1.1 9000 3.2 A beer - club  
A4 42.6 1 12000 3.4 A cafeteria  
QCVN 08:2008 
/BTNMT,B1 
30 0.5 7500 - 
 
The concentrations of input COD, NH4
+
, Coliform and Chlorophyll-a were controlled in the 
ranges of 40 - 58 mg/L, 0.5–0.7 mg/L, 9,000 - 11,000 MPN/100ml and 3 - 3.8 µg/L, respectively. 







Figure 4. Sampling location. 
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After a preliminary assessment of the water quality of Khuong Thuong Lake, the modified EBB 
floating raft was released. Square modified EBB floating raft (4 m × 4 m × 0.3 m) containing 
5,000 modified EBBs was placed at position A1 where had the highest COD concentration as 
Table 3. The results of the sample analysis showed the apparent removal efficiency of the EBB 
floating raft. Changes in the values of COD, NH4
+
, Coliform and Chlorophyll-a before and after 
insertion of modified EBB floating raft into the Khuong Thuong Lake are shown in Table 4.  
Table 4. Experimental results at Khuong Thuong Lake. 
COD (mg/l) 
 Before Week 2 Week 4 Week 6 Week 8 
A1 58 41 33 22 20 
A2 55 45 36 28 28 
A3 40 37 38 33 34 
A4 42 36 33 31 31 
Avg. 48.75 39.75 35 28.5 28.25 
 
Chlorophyll-a 
 Before Week 2 Week 4 Week 6 Week 8 
A1 3.8 3 2.1 1.4 1.2 
A2 3 2.8 2.4 2.2 2.3 
A3 3.3 3.1 2.9 2.9 3 
A4 3.1 3.2 3 2.8 2.8 





 Before Week 2 Week 4 Week 6 Week 8 
A1 0.7 0.45 0.35 0.3 0.25 
A2 0.52 0,5 0.35 0.3 0.32 
A3 0.55 0.55 0.4 0.5 0.41 
A4 0.59 0.5 0.4 0.4 0.4 
Avg. 0.59 0.5 0.5 0.5 0.345 
 
Coliform (MPN/100ml) 
 Before Week 2 Week 4 Week 6 Week 8 
A1 10000 8500 7100 6700 5000 
A2 10800 9800 8600 7800 7000 
A3 9000 9500 7900 8100 7300 
A4 9400 10800 11000 8700 7700 







have tended to decrease 
over time and keep stable 
from week 6. In 
particular, the decline of 
these parameters is most 
apparent at A1 modified 
EBB floating raft. 





removal efficiency.  
Efficiencies of COD, 
NH4
+
 and Coliform 
removal for the water of 
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Khuong Thuong Lake at A1 location with EBB floating raft after 8 weeks were 65.51 %;              
64.28 % and 50 % respectively. Far from the EBB floating raft location (A2, A3 and A4), the 
treatment efficiency is lower. The average removal efficiencies of the three mentioned 
parameters across the lake were 38 %; 40 % and 31 %, respectively. The average COD value 
after 8 weeks of treatment was 28.3 mg/l; NH4
+
: 0.345 mg/l and coliform: 6750 MPN/100ml. 
The chlorophyll-a content in the lake water was also reduced significantly thanks to the 
EBB's ability to purify water. The efficiency of this process was highest at A1 (68.42 %) and has 
an average ratio of 28 % at all 4 sampling sites in the lake. The obtained results help to control 
the growth of algae to reduce turbidity, color and eutrophication in the lake. 
4. CONCLUSION 
Through the experimental process with using the modified EBBs to improve lake water quality 
in Hanoi, the following results were obtained: 
• COD concentration decreased from 58 to 20 mg/L and the treatment efficiency was 65.51 %. 
• NH4
+
 concentration decreased from 0.7 to 0.25 mg/L and the treatment efficiency was              
64.28 %. 
• Coliform in lakes water decreased from 10,000 to 5,000 MPN/100 ml and the treatment 
efficiency was 50 %. 
• Chlorophyll-a decreased from 3.8 μg to 1.2 mg/l and the treatment efficiency was 68.42 %. 
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